
ELECTRODE, SUSCEPTOR, PLASMA PROCESSING APPARATUS 
a.vAND METHOD OF MAKING THE ELECTRODE AND THE SUSCEPTOR 

Technical Field 
This invention relates to an electroae, sueceptor and 
a plasma processing apparatus, and methods of making the 
electrode and the susceptor. 

10 

Background of the Invention 
Generally, a plasma processing apparatus is known as 
a single wafer process apparatus for applying a predetermined 
treatment, such as etching, CVD (chemical vapor deposition), 

15 or sputtering, to a semiconductor wafer. 

In this type of plasma processing apparatus, various 
treatments are applied to a semiconductor wafer at a relatively 
high temperature, with the semiconductor wafer being placed on 
a susceptor in a processing vessel in which a vacuum can be 

20 produced. During any of the treatments, it is necessary to 
maintain the wafer so that its position does not deviate. For 
this purpose, an electrostatic chuck is generally used* 

A conventional general plasma processing apparatus will 
be described. FIG. 11 is a schematic conf Igurational view 

25 showing a conventional and general plasma processing apparatus . 
In a processing vessel 2 that can be sucked, a susceptor 4 
concurrently serving as a lower electrode is mounted. The 
susceptor 4 has a heater 6, such as a sheath heater, buried 
therein in an insulated state. Concretely, the heater 6 is cast , 

30 for example, in aluminum, and buried therein. Onto an upper 
surface of the susceptor 4 made of aluminum, a ceramic 
electrostatic chuck 8 is joined by means of an adhesive, the 
electrostatic chuck 8 comprising a chuck electrode buried in 
a ceramic material, the chuck electrode for use in electrostatic 

35 chucking. A semiconductor wafer W is attracted to and held on 
an upper surface of th el otrostatlc chuck 8 by an 
©1 ctrostatic force. 
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In a celling portion of the processing vessel 2 , an upper 
electrode 10 is provided to face the susceptor 4. In the upper 
electrode 10, a heater 12, such as a sheath heater, is cast in 
aluminum or the like, and buried therein. Connected to the 
5 upper electrode 10 is a high frequency power source 14 for 
applying a high frequency voltage for plasma generation. A 
plasma is generated between the upper electrode 10 and the 
susceptor 4 as a lower electrode to perform a predetermined 
treatment for the wafer W. 

10 When the treating temperature for the semiconductor 

wafer is relatively low, e.g., about 200*C or lower, no 
particular problem occurs. However, raising the treatment 
temperature, for example, to about 300 to 400**C is demanded in 
order to increase the treating rate, such as film deposition 

15 rate, or to improve the quality of the resulting film. 

For example, in connection with the upper electrode 10, 
in such a high temperature region, the amount of thermal 
expansion and contraction due to a temperature rise and a 
temperature fall during treatment, or thermal stress is 

20 considerably great. Thus, warpage or deflection may occur in 
the electrode itself, posing the problem of making high 
frequency propagation for plasma generation nonuniform. A 
shower head for gas supply may be attached, in close contact, 
to a lower surface of the upper electrode 10. For the reasons 

25 stated above, cracking may occur in the shower head. 

In connection with the susceptor 4, the electrostatic 
chuck 8 may peel off because of heat exceeding the limits of 
heat resistance of the adhesive, or warpage or deflection may 
occur in accordance with the occurrence of thermal expansion 

30 and contraction, or thermal stress stated above. Besides, the 
problem may arise that the electrostatic chuck 8 itself cracks 
owing to the difference in the coefficient of linear thermal 
expansion between the aluminum constituting the susceptor 4 and 
the ceramic constituting the electrostatic chuck 8- 

35 Particularly as the wafer size increases from 6 inches 

to 8 inch s, further to 12 inches, the amount of thermal 
expansion and contraction b comes large correspondingly. Thus , 
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early soXotione to the above -described problems are desired* 

Disclosure of the Invention 
The present invention has been made in view of the above 
5 problems and as effective solutions to these problems, A first 
object of the present invention is to suppress the occurrence 
of warpage or deflection of an electrode. 

A second object of the present invention is to provide 
a susceptor which causes no peeling or cracking to an 
10 electrostatic chuclc. 

To achieve the first object, an electrode according to 
the present invention is formed by casting a heater and 
ceramic-metal composites in a base metal, the heater being 
disposed in a planar state, and the ceramic-metal composites 
15 being disposed so as to sandwich the heater from above and from 
below. The ceramic-metal composites reinforce the electrode, 
thus suppressing the occurrence of warpage or deflection* 

The electrode according to the present invention is 
formed by casting a heater and a core metal plate in a base metal, 
20 the heater being disposed in a planar state, and the core metal 
plate being provided nearly parallel to a plane of disposition 
of the heater and side by side with respect to the heater . Thus , 
the electrode is reinforced with the core metal plate, so that 
the occurrence of warpage or deflection can be suppressed. In 
25 the core metal plate, a plurality of base metal communication 
holes are preferably formed. By so doing, the base metal can 
be bound via the base metal communication holes, whereby the 
strength of the entire electrode can be further improved. 

For the electrode, a shower head portion for gas supply 
30 may be attached to a lower surface of the base metal. In this 
case, too, warpage or deflection minimally occurs in the 
electrode itself as stated above. Thus, cracking or peeling 
of the shower head portion can be prevented. 

A high frequency voltage can be applied to the electrode , 
35 In this case, distortion of the electrode is suppressed, so that 
a high frequency wave can be propagated uniformly . 

To attain the second object, the present invention 
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provides a susceptor including a heater disposed in a planar 
state, upper and lower ceramic -metal composites disposed so as 
to sandwich the heater from above and from below, and a ceramic 
electrostatic chuck for attracting and holding an object to be 
5 treated, the electrostatic chuck having nearly the same 

coefficient of linear thermal expansion as that of the upper 
ceramic -metal composite, and being joined to an upper surface 
of the upper ceramic-metal composite. According to this 
feature , the entire susceptor is reinforced with the upper and 
10 lower ceramic-metal composites to suppress warpage or 
deflection- Besides, the coefficient of linear thermal 
expansion of the upper ceraraic-metal composite and that of the 
electrostatic chuck are set to be nearly the same . Thus , little 
difference arises between the amounts of thermal expansion and 
15 contraction of the upper ceramic-metal composite and the 

electrostatic chuck. Consequently, peeling or cracking of the 
electrostatic chuck can be prevented • 

The heater and the upper and lower ceramic-metal 
composites are preferably cast in a base metal. 
20 It is also preferred to constitute the susceptor such 

that a heat transfer gas can be supplied to a rear surface of 
the object to be treated which has been placed on the 
electrostatic chuck. 

The upper ceraraic-metal composite and the electrostatic 
25 chuck can be joined together by methods, such as brazing^ forge- 
welding, or adhesion. 

A high frequency voltage can be applied to the susceptor - 
In this case, distortion of the susceptor is suppressed, so that 
a high frequency wave can be propagated uniformly. 
30 A plasma processing apparatus can be constituted with 

the use of electrodes and/or a susceptor having the above - 
described features. In this case, deformation of the 
electrodes or susceptor due to thermal expansion and 
contraction can be suppressed- Thus , treatment with high plane 
35 uniformity can be p rf ormed stably even during high temperatur 
treatment . 

It is preferred to produce the lectrode and/ or the 



01$04fl05Bl5Bi34i^ 5St:FINNEGAN, HENDERSON ||:KYOWA PATENT, TKY 



R:688 P. 



5 



susceptor by placing a heater and a porous ceramic in a mold, 
and pouring a molten base metal into the mold to cast the porous 
ceramic and the heater in the base metal. According to this 
manufacturing method, the porous ceramic is infiltrated with 
5 the base metal during the casting process to form a 

ceramic-metal composite. This results in the formation of a 
metal phase in which the metal surrounding the heater and the 
metal constituting the ceramic-metal composite continue* thus 
making it possible to improve the strength of the electrode or 
10 susceptor. 

Brief Description of the Drawings 
FIG. 1 is a conf igurational view showing a plasma 
processing apparatus as an embodiment of the invention. 
15 FIG. 2 is an explanation drawing for illustrating a 

method for producing an upper electrode in FIG* 1. 

FIG, 3 is a graph showing the relationship between the 
contents (volume percentages) of SiC and Al in an Al-SiC 
composite and the coefficient of linear thermal expansion of 
20 the composite. 

FIG. 4 Is a schematic sectional view showing a modified 
example of an electrode according to the present Invention. 

FIG. 5 Is a schematic sectional view showing another 
example of the electrode according to the present invention, 
25 FIG. 6 is a plan view showing a core metal plate. 

FIG. 7 is a schematic sectional view showing a modified 
example of a susceptor according to the present invention. 

FIG. 8 is a view showing a modified example of joining 
of an electrostatic chuck of the susceptor. 
30 FIG. 9 is a view showing another modified example of 

joining of the electrostatic chuck of the susceptor. 

FIGS. 10(a) and 10(b) are views showing another example 
of the susceptor. 

FIG, 11 is a schematic conf igurational view showing a 
35 conventional general plasma processing apparatus . 

Description of the Preferred Embodiments 
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An embocliment of an electrode, a susc ptor, a plasma 
processing apparatus, and methods for producing them, which are 
related to the present invention, will be described in detail 
based on the accompanying drawings. 
5 FIG. 1 is a conf igurational view showing a plasma 

processing apparatus as an embodiment of the invention. FIG. 
2 is an explanation drawing for illustrating a method for 
producing an upper electrode in FIG. 1. FIG. 3 is a graph 
showing the relationship between the content of SiC in aluminxim 

10 and the coefficient of linear thermal expansion. 

As shown in FIG. 1, a plasma processing apparatus 20 
has a cylindrical processing vessel 22 « for example, made of 
aluminum. Provided at a side portion of the processing vessel 
is a gate valve 34, which is opened and closed when a 

15 semiconductor wafer W, i*e. , an object to be treated, is carried 
into and out of the processing vessel 22 . Provided at the bottom 
of the processing vessel 22 is an exhaust port 36, which is 
connected to an evacuation system having a vacuum pump or the 
like (not shown) interposed therein. Thus, the interior of the 

20 processing vessel 22 can be sucked. 

Provided in the processing vessel 22 is a susceptor 24, 
on which the semiconductor wafer W as the object to be treated 
is placed and held thereby. The susceptor 24 concurrently 
serves as a lower electrode. The susceptor 24 comprises a 

25 susceptor body 26, and an electrostatic chuck 28 joined to an 
upper surface of the body 26. A support member 30 extends 
downward from a lower portion of the susceptor body 26, and 
passes through the bottom of the processing vessel 22 via em 
insulating member 32, The support member 30 supports the whole 

30 of the susceptor 24. 

Buried in the susceptor body 26 is a planar lower heater 
38, which comprises a sheath heater with a diameter of about 
10 mm wound in a spiral form. The lower heater 38 is composed 
of a heating element 38A as a core member formed of nickel- 

35 chromium alloy, and an insulator 38B surrounding the center and 
formed of magnesia (Mg^Og) . 

An upp r ceramic-metal composite 40A and a lower 
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c ramlc-metal composit 40B, for the susceptor 24, are disposed 
so as to sandwich the heater 38 from above and from below. The 
composites 4 OA, 405 and the heater 38 are entirely covered with 
a pure aluminum metal. Each of the ceramic-metal composites 
40A, 40B are a composite of a metal such as aluminum, and a 
ceramic such as SiC (silicon carbide) , AlN (aluminum nitride) , 
or AI2O3 (alumina) , In this case, the ceramic-metal composites 
40A, 40B are set at desired coefficients of linear thermal 
expansion in a certain range by selecting the mixing ratio 
10 between aluminum and ceramic* 

An upper surface of the upper ceramic-metal composite 
40A is exposed without being covered with aluminum . Joined onto 
this upper surface is the ceramic electrostatic chuck 28 for 
attracting and holding the semiconductor wafer W, by means of 
15 an aluminum brazing material having excellent heat resistance. 
In this case, a plate-like, foil-like, pasty or powdery brazing 
material may be used. The electrostatic chuck 28 is formed by 
burying a chuck electrode 46 in a ceramic material. The ceramic 
material may be SIC, AlN or AljOg, 
20 Here, it is important that the coefficient of linear 

thermal expansion of the electrostatic chuck 28 and the 
coefficient of linear thermal expansion of the upper 
ceramic-metal composite 40A for the susceptor are set to be 
substantially the same in order to reduce the difference in the 
25 amounts of thermal expansion and contraction between them. 

When AlN is used as the ceramic material for the 
electrostatic chuck 28, and an Al-SiC composite is used as the 
ceramic-metal composite 40A, for example, the coefficient of 
linear thermal expansion of the upper ceramic-metal composite 
30 40A is set at about 4.5 x 10 * K'\ because the coefficient of 
linear thermal expansion of AlN is about 4,5 x 10"^ K"\ 

Concretely, the coefficient of linear thermal expansion 
of Al is about 23.5 x 10'* K^^, while the coefficient of linear 
thermal expansion of SiC is about 3.5 x 10"* K'\ Thus, the 
35 coefficient of linear thermal expansion of th Al-SiC composit 
varies as shown in FIG. 3 in accordance with the mixing ratio 
between the two. To make the co fficient of linear thermal 
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xpanslon of the composite about 4.5 x 10'^ K"\ the content 
(volume percentage) of SIC is set at about 83%. By using such 
a composite, the coefficient of linear thermal expansion of the 
electrostatic chuck 28 of AIN and the coefficient of linear 
5 thermal expansion of the upper ceramic-metal composite 40A of 
Al-SiC are set to be substantially the same. The coefficient 
of linear thermal expansion of the lower ceramic-metal 
composite 4 OB may also be set at substantially the same value 
as described above. 

10 Another example is the use of AI2O3 having a coefficient 

of linear thermal expansion of about 7.8 x 10"*K'^ as the ceramic 
material for the electrostatic chuck 28. In this case, the 
upper ceramic-metal composite 40A having the same coefficient 
of linear thermal expansion of about 7.8 x 10"*K'^ can be selected 

15 by using an Al-SiC composite with an SiC content (volume 

percentage) of about 75%, based on the graph shown in PIG. 3, 
The above -described ceramic-metal composites 40A, 40B 
having a coefficient of linear thermal expansion of 4.5 x lO'^K"^ 
can be produced in the following manner: In a mold 48 having 

20 a predetermined internal shape as shown, for example, in FIG- 
2, a wound lower heater 38, and two porous SiC blocks (porous 
ceramic) 50 and 52 having a predetermined porosity (a porosity 
„of--nearly"l-7%-hereln-)-«a^e^fixed.by„suppwct^ (not shown). 

/Then, molten aluminum as-^a:; ^aBe InetalTTl te poured into the mold 

25 / 48 to infil trate the porous SiC bl ocks 50, 52 with molten 
Valamlnum^^ numeral 54 denotes a vent hole. Iirtfils manner, 
the ceramic composites 40A, 40B can be formed, and at the same 
time, these composites and the lower heater 38 can be cast in 
aluminum and integrated. 

30 To obtain a ceramic-metal composite having a 

coefficient of linear thermal expansion of 7,8 x 1Q'^K'\ two 
porous blocks having a porosity of about 25% may be used. When 
alumina is used as a ceramic material, fiberous alumina may be 
used- In this case fiberous alumina is set in the mold 48 instead 

35 of the porous blocks 50, 52. 

For alminum infiltration, high pressure casting pr cess 
or forging cast process may be used in which th interior of 
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the mold 48 is pressurized during molding to promote 
infiltration of Al into the preformed ceramic, while bubbles 
remaining in the mold 48 can be easily released to the outside. 
Vacuum assist casting process in which the interior of the mold 
5 48 is reduced in pressure to promote infiltration of Al into 
the ceramic as a preform. 

Returning to FIG. 1« the lower heater 38 of the susceptor 
24 constituted as described above is supplied with an electric 
power via a lead wire 56. A direct current voltage source 60 

10 is connected to the chuck electrode 46 of the electrostatic 
chuck 28 via a lead wire 58, whereby an attracting force for 
attraction of the wafer is generated. 

A bias high frequency power source 64 is connected to 
the susceptor 24 via a matching circuit 62 to suppress 

15 generation of an ion sheath on the surface of the susceptor 24 
during plasma treatment . The bias high frequency power source 
64 may be provided where necessary. 

At a ceiling portion of the processing vessel opposed 
to the susceptor 24, an upper electrode 70 is provided. 

20 Concretely, the upper electrode 70 has an internal structure 
that is substantially the same as the susceptor 24 as the lower 
electrode. In the upper electrode 70 , a planar upper heater 
72 is buried. The upper heater 72 comprises, for example, a 
sheath heater with a diameter of about 10 mm wound in a spiral 

25 form. The upper heater 72 is also composed of a heating element 
72A comprising, for example, a nickel -chromium alloy as the core, 
and an insulator 72B comprising, for example, magnesia (Mg^O,) 
and surrounding the core. 

An upper ceramic-metal composite 74A and a lower 

30 ceramic-metal composite 74B, each about 5 to 10 mm thick and 
used for the upper electrode, are disposed so as to sandwich 
the heater 72 from above and from below. The composites 74A, 
74B and the heater 72 are entirely covered with a pure aluminum 
metal . 

35 These c ramic-m tal composites 74A, 74B, like the 

afor m ntioned composites 40A, 40B, are each a coraposit of a 
metal such as aluminum, and a ceramic such as SiC, AIN, or AI3O3. 
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The method of making these c ramie-metal composites 74A, 74B 
may be an infiltration process as illustrated earlier in FIG. 
2 . The upper heater 72 can be fed a heating electric power via 
a lead wire 82. 

5 The upper electrode 70 is attached to and supported by 

the ceiling portion of the vessel via an insulating member 76. 
To the upper electrode 70, a plasma generation high frequency 
power source 80 for generating a high frequency wave of, for 
example, 13.56 MHz is connected via a matching circuit 78. 

10 To a lower portion of the upper electrode 70, a shower 

head portion 84 made of , for example , alximinum is joined by means 
of a screw or the like ( not shown ) . A lower surface of the shower 
head portion 84 is formed as a gas jet surface 88 made of silicone 
having many gas holes 86 to be capable of supplying a 

15 predetermined gas toward a treatment space through the gas holes 
86. 

Next, the actions of the present embodiment constituted 
as described above will be explained. 

An untreated semiconductor wafer W supported by a 

20 carrier arm (not shown) is carried into the processing vessel 
22 via the opened gate valve 34, and placed on the susceptor 
24 . This wafer W is attracted and held by an attraction force 
of the electrostatic chuck 28 which is generated by turning on 
the direct current voltage source 60, 

25 Then, the wafer W is heated to a predetermined process 

temperature by the upper heater 72 of the upper electrode 70 
and the lower heater 38 of the susceptor 24 . Film forming gases , 
such as SiH,, SiF^, and oxygen, are Introduced into the treatment 
space at a controlled flow rate through the gas holes 86 of the 

30 shower head portion 84 provided on the lower surface of the upper 
electrode 70, The interior of the processing vessel 22 is 
maintained at a predetermined process pressure, a plasma 
generation high frequency voltage of 13.56 MHz is applied to 
the upper electrode 70, and a bias high frequency voltage is 

35 applied to the susceptor 24. . 

^ Upon application of the plWsma g neration high 

^ / frequency voltage to the upper eledtrode 70, tne film forming 
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gas s are converted a Into plasma, activated, and r acted to 
form a film of, for example, S10F on the surface of the wafer. 

The process temperature is in a high temperature region 
of about 300 to 400*'C, which is higher than the conventional 
5 process temperature. Thus, repetition of the process results 
in great repetitive thermal stress imposed on the upper 
electrode 70 and the susceptor 24. 

In this case, in connection with the upper electrode 
70, the upper heater 72 is cast by the upper and lower 

10 ceramic-metal composites 74A and 74B disposed so as to sandwich 
the upper heater 72. Thus, the entire strength of the upper 
electrode 70 is increased, so that warpage or deflection of the 
upper electrode 70 can be prevented- Particularly, the two 
composites 74A and 74B are burled in such a manner as to sandwich 

15 the heater 72, Thus, they thermally expand and contract in 
comparable sizes. Hence, great thermal stress is not imposed 
in the thickness direction of the upper electrode 70. In this 
respect , the occurrence of warpage or deflection can be markedly 
suppressed. 

20 Accordingly, nonuniform! ty of high frequency 

propagation attributed to the distortion of the upper electrode 
70 can be eliminated. Not only uniform plasma can be generated, 
but also cracking of the shower head portion 84 can be prevented. 

In connection with the susceptor 24, on the other hand, 

25 the lower heater 38 is sandwiched from above and below by the 
upper and lower ceramic -metal composites 40A and 40B for the 
susceptor. Thus, the strength of the susceptor 24 itself can 
be increased. As a result, warpage or deformation can be 
prevented, even if thermal stress associated with thermal 

30 expansion and contraction occurs. Particularly, the 

coefficient of linear thermal expansion of the ceramic 
electrostatic chuck 28 and that of the upper ceramic-metal 
composite 40A bonded thereto are set to be nearly the same . Thus , 
even if the chuck 28 and the composite 40A thermally expand and 

35 contract in accordance with a temperature rise and a temperature 
fall, their amounts of thermal xpansion and contraction are 
nearly the same. Henc , great thermal stress can be pr vented 
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from working between the two. Consequently, cracking or 
peeling of the electrostatic chuck 28 can be prevented. 

Also, the electrostatic chuck 28 is bonded to the 
surface of the upper ceramic-metal composite 4 OA by use of a 
5 brazing agent having high resistance to heat. Thus, the 
electrostatic chuck 28 can withstand a high temperature 
treatment of about 300 to 400^C. In this respect as well, 
peeling of the electrostatic chuck 28 can be prevented. 

The susceptor 24 and the upper electrode 70, each having 

10 the ceramic-metal composites buried Inside, can be produced at 
a stroke. Including the heater, by the infiltration method, as 
Illustrated in FIG. 2 . Thus , they can be produced conveniently 
and easily, with a small number of steps. 

In the above- described embodiment, the upper heater 72 

15 is buried between the upper and lower ceramic -metal composites 
74A and 74B in the upper electrode 70, with the upper and lower 
ceramic -^metal composites 74A and 74B being separated from each 
other by a distance slightly larger than the diameter of the 
upper heater 72. However, the mode of burial is not restricted 

20 to this mode. As shown in PIG. 4, both composites 74A and 74B 
may be joined together, and the upper heater 72 may be completely 
buried in the laminated composites. In this case, Al 
practically does not exist alone between both composites 74A 
and 74B- As a result, the occurrence of thermal stress at this 

25 site can be suppressed more reliably, so that warpage or 
deflection at this site can be further suppressed. 

Furthermore, a very thin, highly rigid, disk- shaped 
core inej:al_pJLate 90 about 1 to 2 mm thick may be buried parallel 
to the upper heater 72, as shown in PIGS. 5 and 6, without 

30 providing any of tlie^COTiposites 74A and 74B in the upper 

electrode 70. FIG. 6 is a plan view of the core metal plate 
90 . As this core metal plate 90 , a metal plate of , for example , 
stainless steel having a higher softening point (temperature) 
and higher rigidity than aluminum as the base metal, is used. 

35 In th core metal plate 90, many base metal communication holes 
92 with a diameter f about 0.1 to 10 mm ar form d therethrough. 
Thus, when the core metal plate 90 is cast in alminun, aluminum 
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above and alurainmn below the core metal plate 90 are bound 
together through the communication holes 92- 
/ In the case of this embodiment as well, the upper 

/ electrode 70 is reinforced with the core metal plate 90. so that 

5 the occurrence of warpage or deflection can be suppressed. 

Besides, the coefficient of linear thermal expansion 
of the core metal plate 90 and that of aluminum as the base metal 
are different - Thus , the interface between the core metal plate 
90 and the base metal may peel off . However, the aluminum above 

10 and the aluminum below the core metal plate 90 are bound together 
through the base metal communication holes 92, and the core 
metal plate 90 is so thin that the influence of its thermal 
escpansion and contraction is minimal. Therefore, the 
interface between the core metal plate 90 and the aluminum as 

15 the base metal does not peel off . Moreover , the core metal plate 
90 has satisfactory heat conductivity, and thus the upper 
electrode 70 can be heated prompt ly- 

Furthermore, two of the core metal plates 90 may be 
provided above and below the upper heater 72 so as to sandwich 

20 it. According to this feature, the difference in thermal 

expansion and contraction between the upper side and the lower 
side of the upper electrode 70 can be decreased, whereby the 
resulting thermal stress can be further suppressed* 

In the susceptor 24 of the aforementioned embodiment, 

25 the lower heater 38 is buried between the upper and lower 
ceramic-metal composites 4 OA and 40B, with the upper and lower 
ceramic-metal composites 40A and 40B being separated from each 
other by a distance slightly larger than the diameter of the 
lower heater 38. However, the mode of burial is not restricted 

30 to this mode. As shown in PIG. 7, both composites 40A and 40B 
may be joined together, and the lower heater 38 may be completely 
buried in the laminated composites* 

In this case, Al practically does not exist alone 
between both composites 40A and 40B. As a result, the 

35 occurrence of th rmal stress at this sit can be suppress dmore 
r liably, so that warpag or deformation at this site can b 
further suppressed. As a brazing agent for joining tog ther 
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the upper ceramic -metal composite 74A and the ceramic 
electrostatic chuck 28, an AlSi type, an AlSlGe type, an AlSiMg 
type or an AlSiGeMg type can be used as well as Aluminum. A 
brazing agent containing Ge or Mg, in particular, can improve 
5 the wettability of the surface, thus further improving the 
strength of the joint between the composite and the chuck. 

Furthermore, brazing may be performed using a cladding 
layer 94 about 1 to 2 mm thick as shown in FIG. 8 . In this case, 
the cladding layer 94 comprising many, very thin cladding films 
10 about 10 to 100 (iin thick may be used. When an AlSiGeMg brazing 
agent consisting mainly of an aluminum metal, for example, it 
is advisable to interpose an aluminum film in the center of the 
cladding layer 94, and form cladding films having gradually 
varied mixing ratios of Al and Si with the same tendency toward 
15 both sides of the cladding layer 94 to impart a gradient to the 
coefficient of linear thermal expansion* Further, the 
coefficients of linear thermal expansion of the upper and lower 
outermost cladding films may be made nearly consistent with the 
coefficient of linear thermal expansion of the ceramic 
20 electrostatic chuck 28 (upper ceramic-metal composite 40A) . 
According to this feature, effect of the thermal expansion and 
contraction of the cladding layer 94 can be absorbed- In this 
case as well, the electrostatic chuck 28 and the composite 40A 
can be bound together firmly without deterioration in the bond 
25 strength between them- 

The above-described joining between them is not 
restricted to the foregoing brazing, and may be achieved by 
forge- welding ( the technique of partially pressurizing members , 
which require joining, from above their outer peripheral 
30 portions to apply local compression, and causing a metal flow 
to the outer peripheral portions to carry out bonding). 
According to this forge welding, as shown in FIG. 9, the 
following steps, for example, are taken: Active aluminum 
layers 96 and 98 are deposited by sputtering on a lower surface 
35 of the electrostatic chuck 28 and an upper surface of the upper 
ceramic-metal composite 40A of th susceptor body 26 in a vacuum 
vessel. In this state, both are pressure w Ided for bonding. 
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AS an ther method, th active aluminum layers 96 and 
98 are deposited, for example, by thermal spraying in the air. 
In this case, the aluminum surface immediately oxidizes, and 
its activity declines • Then, thin oxide films spontaneously 
5 formed on the surfaces of the active aluminum layers 96 and 98 
are removed in a vacuum vessel to expose the active surfaces . 
In this state, both surfaces are pressure welded. 

When forge- welding is ceurried out in this manner, only 
aluminum is used, unlike a brazing agent containing various 

10 metals . Thus , contamination of the wafer with heavy metals can 
be prevented. 

If an adhesive has a heat-resistant temperature 
compatible with the process temperature of the plasma 
processing apparatus, the electrostatic chuck 28 and the upper 

15 ceramic-metal composite 40A may be joined together with the use 
of the adhesive. The adhesive may be a resin adhesive, such 
as a silicone adhesive or an epoxy adhesive, or a ceramic 
adhesive. Preferably, the adhesive having high thermal 
conductivity is used, 

20 In the above -de scribed embodiment, an electric heater 

utilizing resistance heating is sued as the heater, but the 
heater is not restricted thereto* For example, the heater may 
be composed of a tube capable of passing a heating medium. In 
this case, the tub© can be easily buried inside the susceptor 

25 or the electrode by casting. 

Moreover, as shown in FIGS. 10(a) and 10(b), the 
susceptor may be constituted such that a heat transfer gas can 
be supplied between the electrostatic chuck and the wafer. In 
this case, an upper ceramic-metal composite 40A, a lower 

30 ceramic -metal composite 40B, and a heater 38 are cast in 
aluminum, in the same manner as in the production of the 
susceptor 24 shown in FIG, 1. 

Then, a diffusion chamber 100 is formed by machining 
in an upper surface of the upper ceramic-metal composite 40A- 

35 The diffusion chamber 100 is formed by combining a plurality 
of circumferential grooves dispos d concentrically, and 
diametrical grooves communicating with the circumferential 
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grooves, as shown in FIG, 10(b) (FIG, 10(b) Is a plan view of 
the susceptor viewed from the direction of an arrow B in FIG. 
10(a) . 

Then, heat transfer gas passages 102, each of which 
5 starts at the bottom of the groove of the diffusion chamber 100, 
passes through the susceptor body 26, and opens at a lower 
surface of the susceptor body 26, are formed by boring the 
susceptor body 26. The heat transfer gas passages 102 are 
provided while dodging the positions where the heater 38 is 
10 present . 

Then* the electrostatic chuck 28 Is brazed to the 
susceptor body 26. Then, heat transfer gas supply holes 104 
are drilled at plural locations of the electrostatic chuck 28. 
Alternatively, the electrostatic chuck 28 having the heat 

15 transfer gas supply holes 104 preformed therein may be brazed 
to the susceptor body 26, 

To perform treatment, such as film forming treatment « 
by a plasma processing apparatus to which the susceptor 24 shown 
in FIGS- 10(a) and 10(b) is applied, a heat transfer gas. such 

20 as an Ar gas or an He gas, is supplied from a gas supply source 
(not shown) to the lower end of the heat transfer gas passages 
102. The heat transfer gas having passed through the heat 
transfer gas passages 102 enters the diffusion chamber 100, and 
is supplied toward the rear surface of the wafer via the heat 

25 transfer gas supply holes 104. 

According to the embodiment shown in FIGS. 10 (a) and 
10(b) , the heat transfer gas is uniformly supplied to the rear 
surface of the wafer, so that heat can be transferred from the 
susceptor 24 to the wafer uniformly and with high efficiency. 

30 Thus, the plane uniformity of the process can be improved. 

Instead of the formation of the grooves in the upper 
surface of the upper ceramic -metal composite 40A, grooves may 
be formed in the lower surface of the electrostatic chuck 28 
to form the diffusion chamber 100, 

35 In the respectiv embodiments thus far explained, 

plasma CVD treatment, which performs film formation by plasma 
treatment, is taken as an example for Illustration. However, 
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this treatm nt is not restrictive, and the device of the present 
invention can, of course, be applied to sputtering, etching, 
or ashing. 

Furthermore, the frequency for plasma generation is not 
5 limited to that described earlier. Nor is the object to be 
treated limited to a semiconductor wafer. An LCD substrate or 
a glass substrate can also be used* 



